A novel environmental management plan (EMP) produced for the Prince Edward Islands provides a systematic and comprehensive set of provisions for the management of the islands' biodiversity and historical estate. The plan addresses four major management goals: admin istration, conservation management, historical conservation and waste management. The EMP serves both an information-provision and a management-support function within a framework of continual improvement.
INTRODUCTION
The Prince Edward Islands are situated in the Indian Ocean sector of the Southern Ocean approximately 1770 km southeast of the South African mainland. The group consists of two islands separated by 19 km: the larger Marion Island (46°54'5, 37°45'E, 290 km 2 ) and the smaller Prince Edward Island (46°38'5, 37°57'E, 45 km 2 ). Marion Island has a well established research base that has been staffed by a team of technicians and scientists since the annexation of the island by South Africa in 1948. Generally, a single re-supply voyage occurs annually, but in recent years, with the construction of a new research base, visits to supply construction materials and personnel have become more frequent (up to four voyages annually). Prince Edward Island is visited infrequently, having the highest protection status afforded to any land in the territory of South Africa. It also has no infrastructure. The relatively untransformed state and comparatively simple ecosystems of the islands have made them ideal sites for an active and productive bio-physical research programme ( e.g., Hanel & Chown 1999) .
The Prince Edward Islands enjoy greater protection than any other land area in South Africa by virtue of their unusual and sensitive biodiversity, which is unique to the few land masses in the Southern Ocean, and in some cases specific to one or both of the islands in the group (Chown et al. 2001 ) . Although the islands are designated a Special Nature Reserve, conservation threats are substantial. Alien species have already been implicated in local species extinctions and have resulted in altered ecosystem functioning (Chown & Smith 1993 , Bergstrom & Chown 1999 , Bester et al. 2002 , with further impacts expected as environments continue to change and as new species establish (e.g., Lee et al. 2007 ).
The effects of climate change and illegal, unregulated and unreported (IUU) fishing are already evident at the islands (Chown & Smith 1993 , Ne! & Ne! 1999 , Lombard et al. 2007 . Further introductions of alien species in the form of pathogens have the potential to cause disease outbreaks which could severely affect species and ecosystems of conservation concern (Daszak et al. 2000 ).
The first management plan for the Prince Edward Islands was published in 1996, in response to the 1995 proclamation of the islands as a Special Nature Reserve in South African law (Department of Environmental Affairs and Tourism [DEAT] 1996) . Although regular review and modification of the management plan was envisaged at the time, the first update was commissioned in 2005 and the drafting of the updated Prince Edward Islands Environmental Management Plan (EMP) was completed early in 2006. During the intervening nine years, the national and international political and legal contexts changed fundamentally, and South Africa now has an advanced set of environmental laws based on an environmental umbrella act (National Environmental Management Act, No. 107 of 1998; Office of the President 1998) that provides for cooperative governance and establishes principles for decision-making. In short, environmental management in South Africa now places people and their needs at the forefront of its concern, and aims to drive development that is socially, environmentally and economically sustainable. Through the National Environmental Management Act, government has established the legislative framework for several sectoral daughter acts such as the National Environmental Management , and a number of new institutional structures (e.g., an intra-governmental environmental coordinating committee). In concert with these changes in the regulatory environment, advances in scientific knowledge and environmental practice during the intervening period have altered the range of tools and the quality of information that is available to environmental managers.
APPROACH AND METHODS
The new Environmental Management Plan (EMP) was developed by the Department of Science and Technology National Research Foundation (DST-NRF) Centre of Excellence for Invasion Biology under con tract to D EAT. The drafting process took place over a 10-month period during 2005 and included a review of the previous management plan, intensive examination of legislation and policy and other island managemem plans, and consultation with academic, publicand private-sector participants in sub-Antarctic operations. Three attributes set this plan apart from the previous Prince Edward Islands Management Plan and from many other management plans.
Third, the management provIsIOns of the plan are comprehensive and dearly articulate the actions, targets and roles, and monitoring and remedial actions that will guide management responses to routine and extraordinary situations (table 1) . 'Ihe EMP also serves to provide information for all visitors to the islands since it contains a comprehensive background to the physical, biological and social environment of the islands. First, the updated EMP is based on the International Standards Organisation (ISO) principles of quality management, emphasising a systems approach to management, a factual approach to decision-making, and the need for continual improvement. Although the EMP was produced as a specific requirement of national legislation, the ISO 14000-series approach brings the plan in line with international standards normally used in voluntary adherence systems.
OBJECTIVES OF THE PLAN
Second, an integrated life-cycle approach has been used to take into account all phases of project development, from planning and policy-making to implementation and review.
The objectives of the EMP are to conserve and, where necessary, restore biophysical systems on the islands; to meet South Africas international commitments to Southern Ocean conservation (through at least 20 relevant agreements and protocols, principally the Convention on Biological Diversity, Convention on the Conservation of Antarctic Marine Living Resources, Convention for the Conservation of Antarctic Seals, Agreement on the Conservation of
Minimisation and safe handling and storage of waste generated at the field huts Any bio-hazardous waste found at the huts must be containcrised and returned to the base for freezing; origin of waste must be ascertained and followed up with suitable penalties TCO/SCO to inform DEA'f DAI of breaches and DEAT to revoke permits if necessary TCO/SeO to inform DEAT DAl of breaches and DEAT to revoke permits if necessary Annual reporting ofPEIMA to DEAT DG should point out lack of action on this point
is taken from Goal7 -1-1: Appropriate and sustainable management of waste at the Prince Edward Islands. CO = Conservation Officer; DEAT -Departmem of Environmental Affairs and Tourism; DAl = Directorate Antarctica and Islands; DG = Director General; SCO = Senior Conservation Officer; TCO = Team Conservation Officer; PEIMA = Prince Edward Islands Management Authority.
Albatrosses and Petrels, and Convention on Wetlands of International Importance especially as Waterfowl Habitat [Ramsar Convention]); to create awareness of the value and fragility of island ecosystems; to support research that contributes to understanding human-induced changes; and to monitor the conservation and management of biota on the islands. 'These challenges will be met through the implementation of an integrated management system which addresses administration, conservation management, historical conservation and waste management as priority areas for action (table 2) . 'The sections below outline the broad approach to addressing each management goal.
ADMINISTRATION Logistics and environmental management
The plan makes recommendations regarding the institutional arrangements necessary to achieve effective and efficient management of the islands. The EMP places logistic and operational functions within the Department of Environmental Affairs and Tourism's Directorate of Antarctica and Islands, and environm~ntal coordination and monitoring functions within the sister Directorate of Environmental Impact Management.
The Management Authority
Day-to-day management functions are the responsibility of the Prince Edward Islands Management Authority, which carries out its mandate using the structures and provisions of the EMP. The management authority is a semi-independent body, established by statutory provision, but outside direct control of the implementing structures of government, which reports to the Directorate of Environmental Impact Management. Its tasks include conservation and management of the islands, zoning, issuing permits and Protected Area Notices, evaluation of research proposals and products, implementing an environmental impact assessment procedure for the islands, establishing internal systems and soliciting advice from external parties (advisory committees), recording and reporting to the Minister of Environmental Affairs and Tourism on its deliberations and decisions, and conducting a comprehensive review and evaluation of the EMP every four years. The management authority is the final decisionmaking authority in most of these functions (e.g., permit administration and zoning, internal management, EMP review), but plays an advisory role in a few areas (e.g., adjudication of research proposals).
Personnel
The isolation of the Prince Edward Islands gives rise to special challenges in the staffing and day-to-day administration of the protected area. A permanent, full-time Senior Conservation Officer (SCO) position for the islands is now in place within the Directorate of Environmental Impact Management. The SCO is based on the mainland and is responsible for ensuring that the EMP is fully implemented. The SCO serves as an ex officio member and secretary of the Prince Edward Islands Management Authority, and the seo or at least one suitably trained and deputised ad hoc Conservation Officer accompanies all voyages to the PEL All other Conservation Officers report to the SCO.
A full-time Team Conservation Officer is appointed to the over-wintering team on Marion Island and is responsible for all conservation issues at the Prince Edward Islands during the over-wintering period, reporting directly to the SCO. The Team Conservation Officer will work closely with the 
Control and manage access to management zones within the Prince Edward Islands Prevent any human impact on Prince Edward Island

Conservation management
Prevent the introduction of alien species and invasive species to the Prince Edward Islands
Control and/or eradicate alien and invasive species on the Prince Edward Islands Prevent and control outbreaks of disease amongst birds and seals on and around the Prince Edward Islands Protect and manage the biodiversity on and around the Prince Edward Islands through targeted multidisciplinary research Prevent illegal and unsustainable collection, transport and importation of organisms and biological material from the Prince Edward Islands Minimise disturbance of flora and fauna on and around the Prince Edward Islands during operation of craft (includes boats and helicopters)
Historical conservation
Protect and conserve the Prince Edward Islands' archaeological and palaeontological estate Waste management Implement appropriate and sustainable management of waste at the Prince Edward Islands J In the EMP each goal is followed by the set of objectives, actions, targets and monitoring and remedial actions that is necessary to fully address it.
SCO and Team Leader to handle emergency situations, waste spills or disease outbreaks and contraventions of the EMP. The Construction Conservation Officer is responsible for ensuring that all construction activities on Marion Island are carried out in accordance with the EMP and any additional construction management plans. DEAr may appoint ad hoc Conservation Officers at any time to assist the SCO and the Team Conservation Officer in performing their duties during the annual relief voyage or any other construction, maintenance, emergency or replenishment visits.
Routine management
The primary goals of the management plan relating to administration of the islands are to control access to the islands and their five management zones, and to implement systems to prevent further human impacts on Prince Edward Island. Visits to the islands are controlled through a permit system, specifyingwh ich management zones visitors may enter and the activities they may undertake there. Secondary aims are to set out the reporting responsibilities of the management authority and its obligations for data collection and storage, and to establish a comprehensive capacity-building programme for the national Antarctic programme.
CONSERVATION MANAGEMENT
The conservation management goals of the Prince Edward Islands EMP centre on the prevention and management of biological invasions and disease outbreaks, minimisation of chemical and physical disturbance, protection of vertebrate populations of conservation significance on and around the islands, and prevention of illegal and unsustainable collection of organisms and biological material. A programme of targeted multidisciplinary research to address emerging conservation problems is proposed.
Prevention of and response to propagule transfer
Prevention of propagule transfer is centred on routes and vectors of transfer. The supply voyage of the vessel SAAgulhas is regarded as the principal route of transfer, while cargo, personnel and craft are major vectors. Propagule transfer is controlled through thorough cleaning, fumigation and regular inspection of the supply vessel and all its cargo prior to loading. Recommended practices for cargo packing in several locations are described, including the government stores, tertiary institutions and domestic settings. In addition, the EMP applies a measure of supply chain control to ensure that food and other products purchased for the islands are not contaminated at source or en route to the vessel. The protection of Prince Edward Island is of paramount importance when alien introductions are considered. Marion Island has 13 alien vascular plant species, 25 alien invertebrate taxa (including an isopod, slug, and parasitic wasp species, at least one earthworm species, and several alien springtail and mite species; Chown et al. 2002; Lee et ai. 2007 ) and one alien vertebrate species, the house mouse (Mus musculus Linnaeus, 1758; Jansen van Vuuren & Chown 2007), while domestic cats (Felis catu5 Linnaeus, 1758) have been eradicated (Bester et al. 2002) . However, only three alien vascular plant species and, so far as is known, five alien invertebrate taxa occur on Prince Edward Island , Ryan et al. 2003 , Hugo et al. 2006 . Nonetheless, propagule transfer to Prince Edward Island is an ever-present risk given the regular, though infrequent, transfer of personnel and cargo to Prince Edward Island and the abundance of natural vectors between the islands. In response to this propagule pressure, the new EMP restricts the frequency of visits to Prince Edward Island to one expedition every second year by up to 10 people for a maximum of eight days, and requires that strict measures be applied to control access, quarantine, waste management and transport operations during these visits.
Aircraft are routinely deployed throughout Marion Island, and during every expedition to Prince Edward Island, providing a potential transport mechanism for propagules from either the mainland or the research base to other parts of the island group. To prevent such transfer to Prince Edward Island, the EMP requires that all air and water craft be thoroughly cleaned on board the supply vessel before being deployed on Prince Edward Island. These vehicles may not be operated directly between the two islands but must stop at the supply vessel as a quarantine measure. Outer gear used by personnel must be thoroughly cleaned on the mainland before issue, inspected on board the supply vessel during the "boot washing ceremony" and may not be used on both islands during a single expedition. Certain foodstuffs are prohibited from being taken onto Prince Edward Island.
Control of established alien species
The EMP recommends that the management authority lists and prioritises all alien species present on the islands, prepares an alien species management strategy and provides guidelines to differentiate between natural and human-mediated introductions to the islands. Control or eradication of the house mouse and several alien vascular plants on Marion Island will be necessary in the near future.
Historical conservation
The historical conservation policy of the PEl aims to record and preserve sites and objects which have cultural andlor historical significance. Although this policy applies to both islands in the group, neither island's historical sites and artefacts have been surveyed fully.
Management of the islands' archaeological and palaeontological estate is the responsibility of national and provincial heritage agencies. In general, artefacts remain in situ unless seriously threatened by continued exposure, in which case they are either stored in a small museum at the Marion Island research base or returned to the mainland. Collection of archaeological or palaeontological items is prohibited by law unless under permit from the relevant agencies, and private collections must be declared and their contents listed with the National Heritage Resources Agency (National Heritage Resources Act, No. 25 of 1999; Office of the President 1999).
WASTE MANAGEMENT
South African legislation and policy promote a "cradle to grave" approach to the management and treatment of waste, through all phases of the waste generation, handling and disposal life-cycle (Department of Environ mental Affairs and Tourism 2000). In accordance with government policy, the Prince Edward Islands EMP aims to prevent and minimise waste generation and pollution at source, manage the impacts of unavoidable waste from generation to final disposal, and ensure that waste remains the responsibility of the agencies involved in its generation. Minimisation of waste generation and impact at the islands involves reducing the quantity of primary packaging on goods destined for the islands (where this is not in conflict with bio-sanitary practices), providing recycling and waste minimisation facilities on the islands and supply vessel, and using biodegradable and innocuous products whenever possible.
Waste handling practices on the islands are well developed already, but require refinement to ensure that waste is appropriately and safely separated, handled and stored. In generaL the management plan recommends that waste be entered into the highest-level waste stream available using a hierarchical decision framework. For example, the waste generated on highly protected Prince Edward Island is entered into the waste stream of the transport and supply vessel; food, human and burnable waste is processed on the vessel and non-biodegradable, recyclable and hazardous waste is transferred into the mainland waste stream. Similarly, all waste (with the exception of grey water and sewage) generated away from base on Marion Island is stored and returned to base for entry into appropriate waste streams (table 3) . As a result, very little waste disposal occurs away from base on Marion Island or on Prince Edward Island and waste is never transferred between islands due to the risk of disease or propagule transmission.
CONCLUSION
The draft Prince Edward Island EMP proposes a qualitative change in the way the islands are managed and conserved, and provides a level of detail that explicitly guides the management responsibilities of personnel based both on the islands and on the mainland. In other words, objectives are set, the actions required to address these objectives are laid out, the parties responsible for implementing these actions are identified, and remedial actions are explicitly set out in case of any failures in the primary chain from objective to implementing action.
The recently-promulgated National Environmental Management: Protected Areas Act specifies that management plans be drafted or updated for all national protected areas in South Africa. By law, such a management plan must be gazetted within three months of its acceptance by the Minister of Environmental Affairs and Tourism, whereupon it will become law. The EMP was delivered to DEAT in February 2006, and is in the process of being accepted. 
